Hearing loss is a problem that impacts a significant proportion of the adult population. Cochlear 25 hair cell loss due to loud noise, chemotherapy and aging is the major underlying cause. A 26 significant proportion of these individuals are dissatisfied with available treatment options which 27 include hearing aids and cochlear implants. An alternative approach to restore hearing would be 28 to regenerate hair cells. Such therapy would require recapitulation of the complex architecture of 29 the organ of Corti, necessitating regeneration of both mature hair cells and supporting cells.
Introduction 48
Hearing loss impacts approximately 432 million adults worldwide (WHO Media centre 49 2018). For most of these individuals, the underlying cause of the auditory dysfunction is a loss of 50 mechanosensory hair cells (HCs) in the cochlea. Existing data for humans, and all other Co-localization with immunofluorescence and single molecule fluorescent in situ 264 hybridization (smFISH). Cochleae were fixed in fresh 4% paraformaldehyde in PBS overnight 265 at 4ºC. After fixation, specimens were washed in PBS then permeabilized and blocked for 1 hour 266 at room temperature in PBS with 0.2% Triton X-100 (PBS-T) with 10% fetal bovine serum. 267 Samples were then incubated in the appropriate primary antibodies overnight at 4ºC in PBS-T with 268 10% fetal bovine serum, followed by three rinses in PBS-T and labelling with AlexaFluor-269 conjugated secondary antibodies (1:250, Life Technologies) in PBS-T for 1 hour at room 270 temperature. Where indicated, 4,6-diamidino-2-phenylindole (DAPI) (1:10,000, Life 271 Technologies) was included with the secondary antibodies to detect nuclei. Organs were rinsed in 272 PBS three times and mounted in SlowFade (Invitrogen). Specimens were imaged using a Zeiss 273 LSM 710 confocal microscope. 274 For immunohistochemistry and in situ hybridization of cochlear sections, fixed adult 275 mouse inner ears were decalcified in 150 mM EDTA for 5-7 days, transferred to 30% sucrose, and then embedded and frozen in SCEM tissue embedding medium Ltd.; Hiroshima, 277 Japan). Adhesive film (Section-Lab Co, Ltd.; Hiroshima, Japan) was fastened to the cut surface of 278 the sample in order to support the section and cut slowly with a blade to obtain 6 µm thickness 279 sections. The adhesive film with section attached was submerged in 100% EtOH for 60 seconds, 280 then transferred to distilled water. The adhesive film consists of a thin plastic film and an adhesive 281 and it prevents specimen shrinkage and detachment. This methodology allows for high quality 282 anatomic preservation of the specimen. Sections were cut to a thickness of 10 micrometers. 283 Fluorescent immunohistochemistry was performed as described above. Sections were mounted 284 with SCMM mounting medium (Section-Lab Co, Ltd.; Hiroshima, Japan). 285 Fluorescent in situ hybridization was performed using RNAscope® probes against 286 candidate genes per previously published methodology and overlaid with fluorescent IHC (F.
287 Wang et al. 2012) . Briefly, tissue preparation was modified from the original published protocol 288 (Advanced Cell Diagnostics, 320534) to avoid tissue detachment during the target retrieval step. 289 Drying after sectioning was extended to 2 h followed by 1 h post-fixation in 4% PFA. A 30 min 290 dry baking step at 60°C was added before protease treatment. Hybridization and detection were Supplemental Table S4 . Sequences of 299 target probes, preamplifier, amplifier, and label probe are proprietary (Advanced Cell Diagnostics, 300 Newark, CA). For fluorescent detection, the label probe was conjugated to Alexa Fluor 555. 301 Assays were performed in parallel with positive (Ppib) and negative (dapB) controls. 302 For immunostaining following in situ hybridization, slides were washed 3 x 10 min in PBS-303 T and blocked for 3 h in 10% FBS before standard immunofluorescence procedure detailed 304 previously (Burns et al. 2015) . DAPI counterstaining was performed to label cell nuclei. The 305 following primary antibodies were used: rabbit anti-Myosin VIIA (1:250; Proteus BioSciences, 306 25-6791), sheep anti-S100a6 (1:100; R&D, AF4584), rabbit anti-Lcp1 (1:100; Cell Signaling, 307 3588S), and mouse anti-Acetylated tubulin (1:250; Sigma). Candidate genes were tested on at least 308 3 adult mouse specimens from 3 different mice.
310
Human temporal bone fluorescent immunohistochemistry. Immunohistochemistry on human 311 temporal bones was performed as previously described by Lopez and colleagues (Lopez et al. 312 2016). Detailed procedures of temporal bone collection, fixation, decalcification and celloidin 313 embedding were described by Merchant (Merchant 2010) . The methodology to mount celloidin-314 embedded sections, celloidin removal and antigen retrieval steps has been described in detail 315 (O'Malley, Merchant, et al. 2009; O'Malley, Burgess, et al. 2009; S. R. Shi, Cote, and Taylor 316 1998; Huang 1975) and used previously by the authors (Lopez et al. 2016) . Briefly, sections were 317 removed from the archival jar and immediately floated in 80% ethanol and mounted on subbed 318 glass slides (Superfrost Plus glass slides, Thermo Scientific). Bibulous paper soaked with 10% 319 formalin was placed over the section. A small roller was used to flatten the sections. A 4" x 4" 320 block of wood was placed over each slide. Sections were allowed to dry for 1 day, and the weight 321 and the bibulous paper were removed. Celloidin removal was performed by immersing the sections in sodium ethoxide diluted in ethanol (1:3 ratio) for 30 minutes followed by sequential immersions 323 in 100% acetone, methanol (100%, 70%, 50% for 5 minutes each), distilled water, 5% hydrogen 324 peroxide (10 minutes) and then washed with distilled water prior to antigen retrieval. Antigen 325 retrieval was performed as described previously (Lopez et al. 2016) . Briefly, sections were heated 326 in a microwave oven using intermittent heating methods of two 2-minute cycles with an interval 327 of 2 minutes between the heating cycles in 1:200 diluted antigen retrieval solution in water (Vector 328 Antigen Unmasking Solution, Vector Labs, Burlingame, CA, USA). The petri dish containing the 329 slides was removed from the microwave oven and allowed to cool for 15 min at room temperature 330 and washed with PBS for 10 min prior to immunohistochemistry. Quenching of auto-fluorescence 331 prior to immunohistochemistry was performed as described to remove auto-fluorescence intrinsic 332 to the human temporal bone sections (Lopez et al. 2016) . Briefly, sections were placed in glass 333 Petri dish containing ice cold PBS and placed in a UV chamber for 8 h. Temperature was checked 334 continuously to avoid overheating, and cold PBS was replaced every 30 minutes. Sections were 335 process for immunofluorescence once the auto-fluorescence signal in the tissue sections 336 disappeared. Immunofluorescence was performed as previously described with hydrogen peroxide 337 incubation step omitted. Sections were incubated with primary antibodies for 48 h at room 338 temperature and secondary antibodies for 2 h at room temperature. The following primary 339 antibodies were used: sheep anti-S100a6 (1:100; R&D, AF4584), rabbit anti-Lcp1 (1:100; Cell 340 Signaling, 3588S), mouse anti-Acetylated tubulin (1:250; Sigma), and calbindin (1:100; Santa 341 Cruz, sc-365360). Candidate genes (sheep anti-S100a6, rabbit anti-Lcp1) were tested on at least 3 342 human specimens each from different individuals. combined score approach where enrichment was calculated from the combination of the p-value 352 computed using the Fisher exact test and the z-score was utilized. In order to visualize molecular 353 interaction networks, the list of putative proteins inferred from genes expressed by adult cochlear 354 supporting cells was introduced to STRING 10.0 (http://string-db.org) and the nodes (proteins) 355 and edges (protein-protein interactions) were extracted (Szklarczyk et al. 2015 All data generated in these studies were deposited in the Gene Expression Omnibus (GEO) 380 database (GEO accession ID: GSE135703) and will be available upon publication. We are also 381 in the process of uploading the data into the gene Expression Analysis Resource (gEAR), a 382 website for visualization and comparative analysis of multi-omic data, with an emphasis on 383 hearing research (https://umgear.org). Figure 1A ). No differences in clustering or gene expression were observed between 392 P60 and P120 cochlear supporting cells and for these reasons are grouped together as mature 393 supporting cells for the remainder of the analyses (data not shown). Average gene expression 394 between mature (P60 and P120) and P1 cochlear supporting cells suggests both similarities (gene 395 expression approximating linear line in red on Figure 1B ) as well as distinct differences (as shown 396 by the number of genes that diverge between the two states) between perinatal and mature 397 supporting cells. Supplemental Figure S4 demonstrates the degree of correlation in average gene 398 expression as well as the large cell-to-cell variability in gene expression between P1 and mature 399 cochlear supporting cells. The non-averaged gene expression data ( Figure 1C , Figure S4A Figure 1C ). To confirm the results obtained from 406 the single cell analysis, immunohistochemical analysis for the four known marker genes was 407 performed in P1 and P60 cochlear sections and confirms similar distinct protein expression 408 comparable to transcriptome differences ( Figure 1D ). DSTN protein expression is present in both 409 P1 and P60 cochlear supporting cells but appears less prominent and more confined to supporting 410 cells at P60. NOTCH1 protein is expressed in cochlear supporting cells at P1 but is absent at P60. TUBA1B protein (acetylated tubulin antibody) expression is predominantly in the pillar cells at 412 P1 with expression noted in the peripheral axons of the spiral ganglion neurons that make contact 413 with the hair cells. In contrast, supporting cells (pillar cells and Deiters cells) at P60 exhibit diffuse 414 expression of TUBA1B protein. S100A1 protein is expressed in inner hair cells and cochlear 415 supporting cells at P1 but is restricted to inner border, inner phalangeal and the outermost Deiters Figure 2B ). To examine the quality of the data set, we selected 6 438 genes, 2 known (Myh9, Cdkn1b) and 4 novel (Lcp1, Notch2, Nlrp3, Slc2a3), that showed 439 expression within the single cell, to validate using smFISH and/or immunochtochemistry. Myh9 440 and Cdkn1b have been reported to be expressed in most adult supporting cells (Mhatre et al. 441 2004; Löwenheim et al. 1999) . Consistent with that, we observed uniform expression of both 442 genes in SC1 and SC2 ( Figure 2C ). smFISH analysis also showed comparable levels of 443 expression across the different supporting cells types ( Figure 2D ). Lcp1 and Notch2 showed 444 similar broad patterns of expression within SC1 and SC2 although Notch2 appeared to be 445 expressed at lower levels in SC2 relative to SC1 ( Figure 2E ). smFISH results for Lcp1 and 446 Notch2 were largely consistent with the scRNA-Seq results in that expression was observed in all 447 supporting cells ( Figure 2F ). However, the relatively subtle difference in expression present in 448 the single cell data was not obvious in any group of cells in the cross section. Nlrp3 and to a 449 lesser extent Slc2a3 showed expression that appeared to be higher in SC1 versus SC2 ( the visually apparent similarity in SC1 and SC2 with respect to the 460 genes identified by the red 470 bar, a composite expression plot of the SC1-and SC2-defining profiles demonstrates that these 471 transcripts in composite appear to define two separate clusters of adult cochlear supporting cells, 472 respectively ( Figure 3B ).
473
To examine whether the SC1 and SC2 might represent distinct supporting cell types, 474 expression of four genes, including one known (Tuba1b) and three novel (S100a6, Spry2, 475 Pla2g7) genes, which showed differential expression between SC1 and SC2 ( Figure 3C ) were 476 examined in cross-sections. TUBA1B has previously been shown to be uniformly expressed in 477 all adult SCs (Oesterle and Campbell 2009), however, the scRNAseq data indicated significant 478 differential expression between the SC1 (low) and SC2 (high). The immunological data 479 presented in Fig. 1D as well as the co-labeling with an antibody that binds acetylated tubulin 480 (TUBA1B) in Figure 3D is consistent with that result showing higher expression of TUBA1B in 481 lateral SCs (pillar cells and Deiters' cells)( Figure 3D ). While there is low level expression of 482 Tuba1b transcripts in all SCs on smFISH, there appears to be greater levels of Tuba1b transcripts 483 in the lateral SCs (pillar and Deiters cells) compared to medial SCs (border and inner phalangeal 484 cells) with the lateral SCs demarcated by the yellow dashed lines in the grayscale single channel 485 image for the Tuba1b RNA probe ( Figure 3D ). However, from the limited number of transcripts 486 detected by smFISH it is difficult to assess whether any differences in transcriptional expression 487 are present. In contrast with Tuba1b, S100a6 showed higher expression in SC1 relative to SC2 488 ( Figure 3C ). Consistent with this result, smFISH indicated high levels of S100a6 transcripts in 489 medial SCs (border and inner phalangeal cells) and essentially no transcripts in lateral SCs.
490
Spry2 showed higher expression in SC2 relative to SC1 while Pla2g7 showed higher expression 491 in SC1 relative to SC2 ( Figure 3C ). Consistent with these results, smFISH indicated high levels 492 of Spry2 transcripts in lateral SCs (predominantly Deiters cells) and higher levels of Pla2g7 493 transcripts in the medial SCs (border and inner phalangeal cells) relative to the lateral SCs (pillar 494 and Deiters cells). Overall, these results confirm the expression of a subset of candidate genes in 495 SCs and strongly suggest that SC1 and SC2 supporting cell subpopulations, represent medial and 496 lateral SCs, respectively.
497

Digital droplet PCR (ddPCR) and single-cell qPCR analyses of additional transcripts validate
499 adult cochlear supporting cell scRNA-Seq. While validation using smFISH and/or 500 immunohistochemistry provides valuable spatial information regarding transcriptional expression, 501 these methods are labor intensive and low throughput. In our case, 2 cochlear supporting cell 502 subpopulations were identified in the data and there was not necessarily a way to specifically 503 isolate the exact combination of cells that created these subpopulations in our data from Lfng EGFP 504 adult mice. Therefore, we wanted to determine whether digital droplet PCR (ddPCR) and single-505 cell qPCR (sc-qPCR) could be used in combination as higher throughput methods for validating 506 scRNA-Seq data. Specifically, the presence or absence of the genes of interest in FACS-purified 507 GFP-positive adult cochlear supporting cells could be determined by ddPCR and the differential 508 expression between two supporting cell subpopulations could be confirmed with sc-qPCR. For 509 these reasons, we identified an additional group of 93 differentially expressed genes between SC1 510 and SC2 cochlear supporting cell subpopulations that were selected from the top 800 differentially 511 expressed genes. Some genes were chosen due to preexisting knowledge about cochlear supporting 512 cells while the remainder of the candidate genes were chosen at random. Using a subset of these 513 genes, we confirmed the presence of their transcripts in populations of FACS-purified adult 514 cochlear supporting cells using ddPCR where presence was measured in number of copies per 515 2,000 cells ( Figure 4A ). Expression was present and quantifiable in each of the genes from this 516 selected group of genes. In order to validate the differential expression of genes between the two 517 cochlear subpopulations (SC1 and SC2), we performed sc-qPCR on 170 FACS-purified GFP- 4B). Expression of these genes is depicted in the heatmap ( Figure 4C ). Violin plots show 522 expression level of each of these genes as determined by sc-qPCR ( Figure 4D ). These data 523 demonstrate the potential utility of a combinatorial approach to scRNA-Seq validation utilizing 524 ddPCR to screen for the presence or absence of transcripts in a mixed population and then utilizing 525 sc-qPCR to validate differential expression observations.
527
Supporting cell-specific genes are also expressed in human temporal bones from patients with 528 or without intact hair cells. To determine whether SC markers identified in mice are also 529 expressed in human SCs, we localized the expression of two novel SC markers, S100A6 and LCP1, 530 in organs of Corti from human temporal bone specimens. Prior to attempting immunolocalization 531 in human specimens, we validated antibodies for S100A6 and LCP1 in adult mouse organ of Corti, 532 as smFISH has not been previously demonstrated to work in archival temporal bone specimens. 533 S100A6 protein is expressed in predominantly medial SCs (border and inner phalangeal cells) with 534 some expression noted in the Hensen's cells in the adult mouse as seen on mid-modiolar cross-535 sections of the adult organ of Corti ( Figure 5A Figure 5C with an arrow pointing to the region of the inner 547 hair cell and a bracket outlining the outer hair cell region. S100A6 and LCP1 expression are 548 demonstrated in adult human cochlear supporting cells and co-localize with acetylated tubulin, a 549 known adult supporting cell marker ( Figure 5D -D", 5F-F"). Unlike S100A6 protein in mouse, 550 S100A6 protein in humans appears to be expressed by all cochlear supporting cells. Between 551 mouse and human, LCP1 protein expression appears to correlate with expression noted in the pillar 552 cells. Furthermore, these proteins are expressed in the human organ of Corti in the absence of hair 553 cells demonstrating their potential relevance to future therapies targeting supporting cells in the 554 adult human inner ear ( Figure 5E -E", 5G-G"). Unlike acetylated tubulin, which is expressed in the 555 human stria vascularis, LCP1 is not expressed in the stria vascularis (Supplemental Figure S7) . 556 These data demonstrate that S100A6 and LCP1 protein are expressed by adult human cochlear Figure 6C ). These data validate 573 baseline expression levels of these selected S phase-and G2/M phase-associated transcripts. The 574 validation lends support to the idea that the scRNA-Seq data could be utilized to assess baseline 575 expression levels of S phase-and G2/M phase-associated genes, which could be modulated in 576 the future in order to facilitate mitotic regeneration. To examine whether some of these same genes might continue to 588 be expressed in adult supporting cells, and in particular in the SC2 group, violin plots for a subset 589 of these cell cycle genes were generated (Supplemental Figure S10 ). Using ddPCR, we confirmed the presence of the transcripts for a selected group of these cell cycle genes in FACS-purified GFP-591 positive adult cochlear supporting cells ( Figure 6B ). Differential expression of these cell cycle 592 genes was then validated by sc-qPCR ( Figure 4D, Figure 6C ). Results from the sc-qPCR from 593 Figure 4D are redisplayed in Figure 6C to show correlation between scRNA-Seq violin plots 594 ( Figure 6D ) and the sc-qPCR violin plots ( Figure 6C ). Transcripts identified as being enriched in contradict the results of scRNA-Seq in that expression is noted in the SC1 supporting cell cluster.
603
Reasons for this discrepancy between scRNA-Seq and sc-qPCR include the likelihood that PCR 604 may be more sensitive at detecting transcripts given its targeted nature while scRNA-Seq must Figure 6F ). These genes may function to prevent adult 619 supporting cells from re-entering or moving forward successfully through the phases of the cell 620 cycle. In addition, gene ontology molecular function and cellular component analyses group these 621 cell cycle genes to cyclin-dependent protein serine/threonine kinase activity and cellular 622 components associated with condensed chromatin at the centromere, respectively, suggesting that 623 these pathways could be activated in adult cochlear supporting cells and contribute to the 624 maintenance of quiescence ( Figure 6F ). Use of the STRING database to perform protein-protein 625 interaction analysis identifies a set of interactions that may be related to the persistence of the post-626 mitotic state in adult cochlear supporting cells ( Figure 6G ). Overall, these analyses suggest that 627 these data could be utilized as a resource to explore mechanisms related to the maintenance of 628 supporting cell quiescence. Table S2 ). 
Single-cell RNA-Seq identifies adult supporting cell gene expression.
In order to demonstrate the 684 utility of this dataset, we utilized smFISH to both confirm and localize transcript expression to 685 adult cochlear supporting cells. smFISH validation of both known (Myh9, Cdkn1b) and novel 686 (Lcp1, Notch2) genes shows relatively good concordance with scRNA-Seq data. While scRNA-
687
Seq results for Nlrp3 and Slc2a3 show higher expression in SC1 compared to SC2, smFISH 688 demonstrates presence across all supporting cells. Reasons for discrepancies between scRNA-Seq 689 and sc-qPCR include the likelihood that PCR may be more sensitive at detecting transcripts given 690 its targeted nature, while scRNA-Seq can show decreased sensitivity for particular transcripts 691 because of inefficiencies in reverse transcription and amplification. can be used to examine expression of specific transcripts within each data set, with a higher level 715 of sensitivity by comparison with scRNA-seq (Figure 4, Figure 6 ). The results of our analysis of 716 supporting cells using ddPCR and/or sc-qPCR yielded results that were largely consistent with the 717 scRNAseq results (Figure 4, Figure 6 ). However, some differences were also observed. For 718 instance, while S100a6 transcript expression is increased in SC1 versus SC2, a result that was 719 observed by smFIHS as well, single cell qPCR (sc-qPCR) for S100a6 demonstrates relatively 720 equivalent levels of gene expression. This result could be a result of sampling bias, as only 7 SC2 721 cells were collected for the sc-qPCR data set or might reflect decreased amplification efficiency 722 for this primer set. Future efforts to increase the number of SC2 cells may address some of the 723 discrepancies in between the different methods.
725
Adult mouse cochlear supporting cell-specific genes are expressed in human inner ears. An 726 important consideration in any biomedically-related study using an animal model is the 727 applicability to humans. For this study, we examined the expression of two candidate adult mouse SC genes in human cochlear SCs. S100A6 and LCP1 demonstrated slightly different patterns of 729 expression in humans versus mice. Specifically, S100A6 protein appears to be expressed in most 730 human supporting cells ( Figure 5D -E") unlike the mouse where S100A6 protein expression is 731 more highly expressed in medial SCs ( Figure 5A-A' ). In addition to transcriptional differences 732 between mouse and humans, S100A6 is known to be secreted and taken up by other cells, which 733 may explain this apparent disparity in protein expression between mouse and human SCs 734 (Jurewicz, Wyroba, and Filipek 2018) . In contrast to the observed broad expression Lcp1 RNA 735 across all supporting cells in the mouse (Figure 2F ), LCP1 protein expression in the human organ 736 of Corti appears to be confined to the pillar cells ( Figure 5B-B') . Potential reasons for this disparity suggests that these signaling pathways may be relevant to achieving hair cell regeneration in the 760 adult inner ear (Hori et al. 2007; Kuo et al. 2015; Walters et al. 2017) .
761
While overall biological process gene ontology analysis suggests involvement in the G1/S 762 transition of the mitotic cell cycle, sub-analyses categorize these genes into three main categories: Table S6 ).
767
With regards to the first gene ontology term (positive regulation of transcription from RNA 768 polymerase II promoter), in other systems these genes are involved in either directly promoting 769 proliferation or facilitating proliferation by overcoming cellular defense mechanisms to cell cycle 770 reentry (see Supplemental Table S6 for full set of references). Overcoming cellular defense 
783
This poised state has also been suggested by the discovery of bivalent chromatin structure in 784 perinatal supporting cells (Hu et al. 2016; Stojanova, Kwan, and Segil 2015) and may exist in adult 785 supporting cells, albeit with additional barriers to regeneration in place.
786
Finally, with these additional barriers in mind, the genes categorized under negative 787 regulation of DNA endoreduplication are related to facilitating but not necessarily initiating cell 788 proliferation (see Supplemental Table S6 for full set of references). Endoreduplication refers to re- 
Conclusions
In summary, we have used several different approaches, including sc-RNAseq, ddPCR 820 and sc-qPCR, to characterize and validate the transcriptional profiles of cochlear supporting cells 821 from adult mice. Our results demonstrate significant changes in gene expression between 822 perinatal and adult supporting cells. To determine whether these results may be relevant to 823 efforts to induce regeneration in humans, we examined expression of two of these genes in Note that P1 and mature cochlear supporting cells cluster within their respective groups but exhibit distinct clustering from each other. B, Comparison of averaged gene expression between FACS-purified mature (P60, P120) and P1 cochlear supporting cells indicates both equivalent (genes expressed on or near the red line) and differential (genes located closer to either axis) expression between the two cell stages. C, Feature plots of select known cochlear supporting cell genes (Dstn, Notch1, S100a1, Tuba1b) Candidate genes making up the gene clusters are noted to the right of the heatmap in the corresponding colored boxes. As denoted by the expression histogram, the higher the expression, the more yellow the box corresponding to the gene in a given cell. D, Violin plot display of sc-qPCR results demonstrates candidate gene expression levels in adult cochlear supporting cells. A-A', S100A6 protein expression in a representative mid-modiolar cross section of P60 Lfng EGFP organ of Corti. S100A6 protein (red) is localized to GFP-positive supporting cells (A) and grayscale single channel image demonstrates S100A6 protein expression (A'). B-B', LCP1 protein expression in a representative mid-modiolar cross section of P60 Lfng EGFP organ of Corti. LCP1 protein (red) is localized to GFP-positive supporting cells (B) and grayscale single channel image demonstrates LCP1 protein expression primarily in pillar cells (B'). Myosin 7A (MYO7A) and DAPI co-labeling for hair cells and nuclei, respectively. C-C", Representative immunofluorescence of celloidin embedded human organ of Corti sections from a patient with relatively normal hearing demonstrate S100A6 expression (green) that overlaps with acetylated tubulin (AT), a known adult cochlear supporting cell marker (red) (C). Single channel images for S100A6 in green (C') and acetylated tubulin (AT) in red (C") are shown. Arrow and bracket point to the inner hair cell (IHC) and outer hair cell (OHC) region, respectively. D-D", S100A6 expression in human organ of Corti from a patient with age-related hearing loss and hair cell loss. Note that S100A6 expression persists in the absence of hair cells. Representative immunofluorescence demonstrates S100A6 (green) and AT (red) (D) with single channel images for S100A6 protein (D') and AT (D"). Arrow and bracket point to IHC and OHC regions, respectively and are notable for a lack of these cell types in the section. E-E", Representative immunofluorescence of celloidin embedded human organ of Corti sections from a patient with relatively normal hearing demonstrate LCP1 expression (green) overlaps with AT (red) (E). Single channel images for LCP1 in green (E') and AT in red (E") are shown. The location of inner and outer hair cells are marked by the arrow and bracket, respectively. F-F'', LCP1 expression in human organ of Corti from a patient with age-related hearing loss and hair cell loss. Arrow and bracket point to IHC and OHC regions, respectively and are notable for a lack of these cell types in the section. Note that LCP1 expression persists in the absence of hair cells. G-G', S100A6 is expressed by adult human cochlear supporting cells and is not expressed in adult human cochlear hair cells which express calbindin protein (CALB1). Grayscale single channel image of S100A6 protein expression;. H-H', LCP1 is expressed by adult human cochlear supporting cells and is not expressed in adult human cochlear hair cells which express CALB1. I-J'. LCP1 is not expressed in the cuticular plate or stereocilia of the adult human cochlear hair cell. Human inner hair cell (upper panels) and outer hair cell (lower panels) cuticular plate and stereocilia (outlined by dotted white line), demonstrating lack of LCP1 in CALB1-positive human inner and outer hair cell stereociliary bundles, respectively. S100a6 = S100 calcium-binding protein a6; AT = acetylated tubulin; DAPI = 4',6diaminodino-2-phenylindole; MIP = maximal intensity projection; IHC = inner hair cell; OHC = outer hair cell; IPh = inner phalangeal cell; IPC = inner pillar cell; OPC = outer pillar cell. Scale bar in all panels, 20 μm. RNA probe (in red) with accompanying immunohistochemistry is shown in image to the left and grayscale single channel image is shown in image to the right. smFISH probe for Birc5 (red dots) are shown to overlap with adult cochlear supporting cells (GFP in green). smFISH probe for Notch2 (red dots) are shown to be diffusely expressed in adult cochlear supporting cells. Hair cells are labeled with MYO7A (blue) and nuclei are labeled with DAPI (white). Location of inner hair cell (arrowhead) and region of outer hair cells (bracket) are denoted. F, Gene ontology (GO) analysis of cell cycle-related genes expressed by FACS-purified GFP-positive cells from P60 Lfng EGFP cochlea suggests that these cells may be maintained in a non-proliferative state by a repressive network of genes. All cell cycle genes expressed by adult supporting cells from the dataset, regardless of which cluster of adult cochlear supporting cells expressed these genes, were used as the starting input in Enrichr. GO biological process analysis suggests that genes involved in the G1/S transition of the mitotic cell cycle are prominent in adult cochlear supporting cells. GO molecular function and cellular component analysis point to cyclindependent protein serine/threonine kinase activity and cellular components associated with condensed chromatin at the centromere, respectively. The color of the bar corresponds to the combined score which is calculated by taking the log value of the p-value from the Fisher exact test and multiplying this value by the z-score of the deviation from the expected rank. The longer and lighter colored bars indicate that the term is more significant. G, Use of the STRING database to perform protein-protein interaction analysis identifies a set of interactions that may be related to the persistence of the post-mitotic state in adult cochlear supporting cells. The STRING plot demonstrates the action types and action effects as noted in the accompanying legend. Scale bar in all panels, 20 µm. Supplemental Table S1 . Details of single cell captures on Fluidigm C1 capture system. Supplemental Table S2 . Primers utilized for single cell qPCR. Supplemental Table S3 . Primers utilized for ddPCR. Supplementary Table S4 . RNAScope probes. Supplemental Table S5 . Validated Cell Type-Specific Adult Cochlear Supporting Cell Markers. Supplemental Table S6 . Description of validated cell cycle genes expressed by adult cochlear supporting cells.
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